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Typ e I w i  s done i~ i t  hi I r it I c’s s go Ic1 I ‘I hi I e U L i I rim ~v s i  r ’ ilt S , I eN’ 11 (1 ) ~)

2 w its ~I o n e  w i t  Ii I ow- Ir i t  g o l d  ( T I - S  • I ~~ 
3 (2 11

Typo 3 w a s  d o n e  with high- fri t gold (‘FI S , I epe 3 0 ( O ~ I ,

One :trlci i t  I oita 1 mono I a’~ or  hic k Ii l int vpe i t s  genc rated hut u~ it Ii

a d l  Ilerent PrOcesS ’. t o w  f e l t  g o l d  p i , t o  I H S  3 0 1 1  w a s  screener !

ui m i l lo ton I v o v e r  a 1 x I i n .  ( 2 . 3 1  ~ 2 . 3 2  cm I so l  I d  - r u a C e  fl

eve  rv subs t rat e o I tI m i s g r o u p .  P h o t  ores i st i~ as t hir ’ n app I I ccl

0 t hie s u b  St rat c’s a mid t lie go I d etc lied 50 a s to I c o v e  ii 1 e 1 liv ’

patt ern s h o w n  on l ” i ~’t i re I . ( 1 -  1 . ‘l ii is t \‘p e o l  ~~1 chc’rh t li I ck 11 1 111

suhst rate was d e s i g n a t e d  ‘F~’pe 2 .

1.3 T H I C K  F I L M , M I J L 1 ’ I h , , \ Y I i R

In order to create ;i  v ariet y oI i m i u l t i l a v e r  ‘ S i t u a t i o n s ’ ’ , l i v e

t r’pes of in tu it i i ove r thick Iii m subst rates were gemir ’r ;tt ed , t h e y

a r e  numbered Ty p e s  S i Ii rough 9.

-\I thott g h , in these teSt substrates , no e l e c t r i c a l  con n e c t i o n s

cx i s t lie t w e e  0 metal layers , add i t i ona 1 I-i ci ng eye I es we C c ’ I nt Ci ~~

duced . ‘lb I s w a s  done to s im nul a to the Ii t’ i ng eve 1 es wh i cli m1 o itt d

be done in actual product ion to create in terconnect log i i  a s .

F I g r i  re I . 3- 1 shows sect I ona 1 v I em~ s 01 0 1 1 the va r i o t is s u bs  t r a t e

conFigurat ions and c a l l s  out the artworks used. Fi gu re 1 .3-2 ,

1 . 3 - 3  and I .3-a show the ~mi’twork~ t b a t  are cal led out in

F i gtirr’ 1 .3- 1.
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t cm ~m u s I i  I hu ’ h m m m n m n i e n i  p n t  I u i n m  ii I ’ s u c h  a be -ut m ni , (mi le ’  h u t  S In) ‘ c t  t e lm ’
tb m n’ e d g e o f ’ tIn’ hr ’u ti n i ohm Ic Ii i s 1) . 2 ( . (1( 1 5 mimi ) t o  II . 1  u t  I I  1 .01 m miii )

h i p hi - l b  i s ren ~tm i nc’ s ut ve -i ’v s h u n  i’p t o o  I - b ho occc _’ C a shut rp l Im I t!

m i g h t  c l i p i n t o  t h e  g o l d .

0 . 2  S I I C C F S S I u ( l L  I N O I V I 1) II : \ l ,  BV ,’\~tl P11511 ‘l E S t  V I X ’ I ’ l l R h i

,- \ f t e r  e x t e n s i v e  e x p e r i m e n t a l  i o n , se s e t  t l e d  I)ri the con L i gui r’ ui t 1 no

shown in V i gu m - c 6 - 2 —1 - A t oo l  o I i t’  m e hum mc _ l m a t  c_ ’ i l um 1 I s shut hm c_ ’ c_ l

t o  a very sharp ed ge (R tvp ic u m l l v i s I t I m 2 m i c c o i n e h e s  ( . 1) 25  t u m

. 0 5  uni~ . In o r d e r  to catch the ed g e of tOn’ he ’ u tmnm , so h u t i r ’ I l m u i m i c i

t h e ’  o p t i m u m  a n g l e  ~~ to  he  a b o u t  25 0 ‘I ’ o u m v t m  i c _ h d i p g i n m g  i n t o  t I i ~’
g o l d , uin gl e ~ shou l nl he a p p r o x i m a t e l y  5° . ~ = (I s i l l  e u m u s u ’  t i m ’
t o o l  to s l i d e  o v e r  t he  ed ge of t h e  h e - a m .
h e u i m .

‘I ’he m u t t e r  i u m 1 o I’ t lie - t o o l  h a s  to  h e  c e - r i - Im~m mci I nm o Cc_ Ic’ C I nm N u’e’!’ II 5

shu i  rjm e d g e  . ,-\ S l u m  lii I es S S t e e  I t 00 1 o u t s  t c I c_ ’ c_ l I i  m s  t . I t  l u m s  I i’ d

Ion’  a b o u t I o u , n n ’  t e s t s .  I t s  s h u m t’p ec _ I g e bm c _ ’c’ u t m c  t c i d u  c _ h u h  I t o  c u i l u ’ h m
t Im e ec _ I gn ’ o f ’ t h i n ’ h m e u t m n . A s t e l  I i t o  s te ’e I  t m t l i u m s t n ’ c _ I I o n ’  , t hi , u i n t  5 ( 1

t e s t s .  Sapp h i r e  wum s found to last For sevu ’mu t l thou t su i ric _ Is of t e s t s

lie I scent sh ut i ’pe - r l li mps - It I s me hum t I ic I v outs v I c c  re’ - shi um Ch ic mm. ‘ I b i t ’

ilium te m j u t  Is u sec_ I on’ me sa p p h 1 re reeort l e’ng ru n v I nip t o ni  s - The i m

or m g i  n i t  I SIt um I )e is show n on h ” i g u m m ’ e  0 .  2 — , ’ . lii i’ c cl l i m o I s b t u t p

S mIs p m ’e u u n c h  u t mmd po1 I shed to se-i- n’ r um I c _ l i  I Ic reum I n’ ‘ri I
’ I p it i t t  I c i ii “~

n o n e  o f  ~ h i i c _’ h m oas sui t is Ium ct orv -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .‘
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Gold Pad
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* SuccesS l unI ccii I I gu n m ut t i o u is ums sh c t~~ni in V i p u u  ic’ I c . 2 -
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0. 008” tc t 0 .0 1 0 ”  ~~~~ tn t  0 .01”  or  1,ess
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Figure 6.2-3 SUCCESSFUL TIP CONF IGURATION

The shaf t of the sapp hire ti p was  moun t e ul to an a r m t h a t  b i d m i d l s  i t

t 2 S ° I u m m u p  Ic ’ O~ in 1~ I 5 (i C- ’ - 2 - 1 I . h~ m p u t tc ’ o - 2 1 s lm t m s I I  I
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Pr ’ s i des t Ime 
~ 

C c l  t u e r sh u t i c c and a i t  p 1 es 01 t bin ’ 1 oo I 
* 

an i n tp o  t i  utr t
l u m e  t 0 C 11) P m c c c i i  t o p  t I m e  t no 1 1 Corn “c_ I 1 pp i i m p i ’m ” 1 s t b utt time
c cu t I eu m 1 Io cc .’ ( I :  i n  V i g u m  u - n’ ri - 2 ‘ I ) lie I l iii i I n’d to 1 es s tim Inn

2 pI - un t s - ‘the h o m u : c m n m t u t b m m s h  I’o n ’ ce ( P b  i s  time t e s t  I l m r e n ’  t h m u t t

m n n u i s l  I c e  me - a  s u n ’

‘Ih c’ um s se-nih I v of t i p u t n n l  ut i-ini I shown in F I ~ u 1 me 0 - 2 - 1 )  i s m o u n m i tech

Ot i  I he shu t ft of a t’orcc’ sensor ( Sta th ~~~ t IC S  I mit1 en’ I i  ) - I h e

n im C t ’ s e n s o n -  e b m o s e n  sums s e l e c t e e 1  b e c u m u s e  ~ l I t s  s c i m s  i t  i v  I t v

I nt ci~m ci t ~ ‘ ann i  smun 1 1 c _ l i  s p 1 uic em n m e’ u u t - ‘I ii i s I u n s t  l u i c  t or i 5 irn m li Ct

u mn t I ‘ the nush t t’st is to lie t mu ! v n o n — c _ I n s t  m um c t i ~‘t’ - I’, it hi thin ’

I Dad en’ 1 1 bu m i l l  I n t o  ti m I s in st i’nun ue’ n t , I I ’ ui f u n  i tnt n ’r’ ccciii ’ s o it h i a

1 5 p ~m nnsh , time mild ) t i o n  o I’ t h e -  t o o l  i 5 oni l V ut h i o u nt 2 iii I I s ( = - ( ( 5 1 )  mmm i) -

l b  I ~ g e n m e- i- uu I i  e does  n o t  da m age t lie b e u t n i m , o hm j c _ ’ hi cut it lie m e r i t  Imu mck

I n  p 1~~c~ and r n - b o nd ed  . The lo ad c e l l  is l i t o t l r i t n ’ c_ I e m u m  a ~ I’ li 7lt(’

and i s counter’ ha 1 ancn ’n l so t h a t  o hm i ic  t lie s a p p l m  i l-c t ~ p i s  I rn ’n ’
to no t- n’ in the i n’ z-t I ca l  di roe t I on , t I m e mm mu t ,x I immu m nn i f’c_ i m ’en’ ‘‘ F’’ o ii I
bme les s than 2 ~rarim s.

l ’hc o u n t  put of tim e’ I oan i eel I is anilm i I Ii en! , I li e- ni Ie’nl I n t o  m m 5 1 1 ’  I P
ch uurt re-corder. -\n ui c l buis t abl e l e ve l  d i s c r i m i i m u m t c m m  c’ i m c ’ u m m t  1- u t S

i n s t u i  I l e d .  Tb i s  c i re in it , ut ftc n ’ he ing e~m I Ii i n _ ut Ic c_ i  , t i l ’ l i c  i t O  um

p u t  ut lt en thn’ c_ I e’s I red p ims bi force j c  r e a c he d .

-\ I b lip e o h  t ra sum n i be m~ ii ’ e honde i- outs ni md I f i c_ ’ c_ i to u m e e c ~t tOt ’

m b c i v l ’  d i - s e r i  bed Ii x tore in place c i f  the bori c_ I i lit ~ 
I t enI . ‘I i t t ’

~ ut i c - tb  11 it t- fum m pa ntog rap h man pul un t i on 01 thin’ Su l~ s I m u t t c ’ iS

re ta ined ;  t hu s p r o v i d i n g for excellent x , v and rotar y n t m s i t i o n i n g

of the bonded beams. The switch actuated motor drive wa s a l s o

retained in order to provid e for controlled vertic al movement of

t i n e sui p~ h i r e  t I p .

The following are photographs of the com n ieted fixture.

Ii — 5

I. 
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n ’Iu m ps tiio um ri ten! on tIm i n  l i i i  sub s t r a t e s  u t s u u m  11 v p Cr ’ sen I I me ’ c u t s  I n ’s I

c u m se for pu sh test i rig - ‘the thin Ii l iii g o l d , bu t l i t  im p liv ~ 1 i t  rig

is cc ’ my compact an c_ l rather h ard . So , t t po lm h ond i r ig  , t O n bt’ u c n u i s

d o n ’ t embed then nsn ’ I i’es in the gold of tim e p a c _ l s . \ ‘is um t i lv , c ’ u ~~- n

foi- sc1uashout f a c t o r s  cm l’ too (2) or mo r e , the ecl gc’s t I tim e hc - u t r nm

are’ qua It o d i s t i n c t  anti sharp. And w ith mm squ utsh oum t I~ t c tor of

.1  tnm 1.0 , the beam pm ’e senit s a go od edge  lou  b \ I ) h d 1 I  p i t -u  I I I L ~ H cm l

the e’ri nl ( F i gure 6. 3-1) which is tim e preferred iii ren ’t i c _ i l l .

Tool Pushing Tool
from Side Pushing

c R ~~~~

‘

~~~

‘? 

L\ 

I I ) o i h } u s h i i m ~

)

Beam—Leaded _____

Chip

l u ig u  re 6 - 3 -  I TOOl , PU Sh PUS 11’ ] ON S

11 the end ol the bond is not aecn’sS I h I  e , t l m e -  h t m n c l  c an  he b m u m s l m u ’ nb

f r o m  t O n ’ s i c _ I n’ - lloo n’ i’ cm , pu m s h i ng l’ronm th e s I du’ meq ui I m ’ r’ s u n c _ I d I I I h u l l  I

U J U t  I (ifl -

- 8
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Thi n- ch I P~ 
m o u n t  eni on thick f 11 in s u m h s t  rut  I cs can hit ’ mi lci m e d i I I  i e u i  I I

lot-  I N I I V P ’ I ’  u n l e s s  t i m e  d e s i gn of  t h e  c i  m c u i l  l u t y o m n t  t~ t k e ’s t h i n ’  p u s h
test into account - ‘hOe- thick Ii l iii gol c_I , ut l t em Iii’ l um p , i s  I i i  i e k e i ’ ,
softer a nc_I much inn n-c porous than the th In I l l  mm i go Ic _ I - 1 lie’ he ”umim m s 

*

u p o n  b o n d  i nm g , can  bee ome em b e d d e d  in t he  t O I ek 1 1 1 1 m m  gem I i i  t o  I l i e
i nit where ’ i t i s  e x t  r e -m e l  v d i  I I  i c u  I t to st’e- s h e- rn ’  t h i n ’  b e’ a umu (‘nc_I s

‘l’he end of’ the b cun mn is usual 1 ~
‘ embedded. The-rc i’omc’ 1’iUSh tn ’sI I im p

from mi the side is the only way for chi ps nmou nted on tim 1e V Ii I nmm .

I f  t h e  pan! is much wider th an the he-am , we h ave the si t u ut t i o u
sO rm w im I n F I gu re  0 . ‘1 — l , she re no imut shi t es t  i s poss I hi e

11 the pad is mu narrow line (oh ich it must li e’ Ion’ a elm i p 0 !
’ 

Itu( i C~ ’

than  f o u r  1 ) b e a m s )  n o t  much  w i n i e r  t i m u i n  t im e h m ’ u t n m  , t h e n  T t It  S S u l m i l e s

a semicy l inc _ Ir ic al cross -secti on after l i m i n g  IF i g u u C ’ : (m .i- 2) .

A f t e r b o n d i n g , a t least one of tim e ed ges of the bm eam n s i l l  sI i gh t I \

prot rude and he u t c’cessihle for push ing fronu the siel c.

Beam imbed s

Thick film me tall iz at ion U 
~~~~~~~~~~~~~~~

I \ J
1

Before bondin g Af ter bo n ding

l i g t m i’e~ o . 4 — I  cR (~ss — s l i ( : ’ l ’ l oN  \ ‘ l h - .(c O h -  l~’ I I t I -  l I h I u ’ c I ’ b h ’ i  b~u )\, l c I \ C h’ \ Il

(m- ~~)

_ _  _ _ _ _ _  _ _
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Thick film me talli zation . Beams are typically imbedded
No te semicyl indr i c a l shap e on only one s id e

>

~~~~~~~~~~~~~~~~~~~ 

________  

Edge aeec~~si-

________ 

‘
c g  

p u s h

I// f // I/ I  / 7
Before bondin g Af te r bond i n g

1 - i g m i r e  0 . 4 - 2  CROSS — 5l -~C ’l ’ 1ON V I  1~1~ OF: s ’ I A N I ) ,, \ R m ) _ m c l  1) 111  ‘ I ’ l l  I C K
F t  I . \I MOUNT 1N ( ;  PM)

(m - S INI)LP’l’ ON M t h L , T  I - L -\Y ER ‘I ’HI C K 1:1 I , M Sb , I RS’l ’

t c h u u t  w It S s a m !  of t I m e  p u s h  t e s t i n g  of I h m t ’  hi c ’ u im nus  t i r i  u m , ’ n u , t l u i v e ’ C  t h i c k
I i  l iii u u p p  1 io s  to  nmu 11 i 1 a v e r  u i i S O  - I n  no cu t Sc’ c_ I ~c_l Sr I i  n c _ i  I l ie

s u m  c inc ’ s s o f  t i m e  t o p  s u i r  lace-  t o  i n t e m ’  lo re  s i  t O  t bin ’ s i n bc ’ p u s h I r ’s t  -

- o I N h ) L P T  FORC I I t I : l ’ h R M  [N , -\ ’l’ I O N

I n  t h i n ’  de St i~iiC I I vu’ p u n l 1 t e s t  , t u e  nios t St F I n g e n m  t e m i t t ’  i’ I o nm 1cm m

goo d bond  i s  t h a t  the bonded port i o n  ni l  t im e l m e - u u i ~i n u m u i s t  m ’ e’m: m I nm

a I t  a r ’ h m ’ ul to the ’  s ub s t r a t e  wO e n t h e  ch i p i s liii 1 1 c c _ h u i t e u n  v . S l l n ’l l  um

a c r i t e r i o n  i n s u r e s  t h a t  t h e  b ond  to  t h e ’  s m m h s t c u t t c  i s  i m o t  I O n ’
sea  k u ’s t I I nk i n  tim e d m a  i n o f  poss  i b I c  I’um I I  u m  e’ p c )  u n i t  s - l~c’ ut I t  c’ IIi i ) t cii

to  cl i’ Ic n inm lute a force level tii uu t ~ou m l  co 1- n - c l i t  In ’  i t t i  i’ I m mcl i c i c _ limit 1 -

h e,it~u putsh te’chnic iue s to this m o s t  s t r i n g e i m t  e m ’ i t c m ’ i um i i i  the ’
c1 c _ ’ s t m i n e t  i c c ’ g l o b a l  p u i i  te st . ‘l’he concep t I’n mllt mue cc _ i c uts t lm u i t

I ’ si cn )mm ldl kn ow the - INI)EPI ’ force - I e’c n’ I of  the ’  h mt m n m c_ l s u m n c l  I I we

co il  d I l ien s how u n l m I g h i eor  i -el  a t  ion  lie t w cc _ ’ 0 t O u t  t In cc i ’ I e ’cu ’ I l t n c _ I

t h i n ’ s t r i n g t ’ n i t c r i t e r i o n , t h e n  t h a t  f o r c e  I c ’cn ’ l e o m i h i  i c c ’ s m n l m s t  I —

t o t  cc_ I as t lie e r i t  cc  ion b r  j udg  i r i g I l ie -  hmoni c i  ~ -

0 — 11 )
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Ite p t’ c ’t c en ’d  r ’d i t s  11i L I  O I~S We ’ mi t-b i t  i - a n ’ i i ~ ’ ch in  sc I S mu o n s um s I h u c ’

l e - c e l  o l  o u r  p u t s h  t t ’s t  - - \ f t n ’r mmm li v lit tempts , w e  s u i e c _ ’ en’ n l r ’ c l  I nm

e n e u m  I i ng ho n n l  s onm t im I n I ’ l l  in t O  a t  w o r e  m a mg i nuu  1 l it t i m e  I S — p cut ‘ u

t e s t  - ‘l Ime n u t  m’ g i m m a  I conc l  i t i on s u t s u n c _ i g e c l  liv t h e  f u t  p 1 t hum I 5I1 - - c _ m I ’

thi n’ boric _ Is ( u t  1 1 il ia c_ I c w I t h  t h e  s a u m m e ’  j ia t ’ : tnm e’t t’ u s  I fum I 1 ed u m t  I S p Cu il ni s

I N l ) FP ’ I ’  - Tho se  t h m a t  p a s s e d  t i m e  I S g r mmuu m s s e - m e  t O  en m i t t  I I cc _ h h t ~ ’ I It r ’
c h i p m i n t  I I  fu t  1 l u r e ’ . - I 7 i ~ of t hese ’  h e u m i u m s s h o w e d  l m n r i n l  ‘u t I l l t C &  -

NeNt we’ eimo se 2 5  g c u l m s  as  thi n’ lece ’ l o f  p u s h  t e s t , u m n c l  e r c ’u t t c ’ c h
b o n d s  w h i c h  w eu’ e m niu u rg i n a l  a t  t h e  2 5 - g i ’ u m n i i t e s t .  ‘ I ’ l t n st ’ t l m u m l p u u s s c _ ’d
t h e  2 5— g ru th test uce me t h e n  p u l l e d  to  fr i  i 1 ore  . 1 2 - S ‘~c c _ l i s p 1  u m v n ’d
hion c _ I  f a i l  u u r e  - Fl gum me 6 . 6-’ 1 1 s a g r ap h m 01 t h e -  pc m c c i i  I l l  p c_ ’ o f  I m c t n m d

f a i l u r e s  as a f u n c t i o n  o f  t h e  f o r c e -  p m u s s e n l  mi t  l N b ) h I) ’[ . A 5j u l 1 1 !  1 s t  I c
e’x t rmu po 1 utt ion seems to m d  ie ate- tim a t a u I N h ) F P ’ F  w i t  b i um 1cm ccc ’ o I
30 g i - m u m s  w o u l d  i n s u r e  a h i  p h c o r r e l  u u t  ion  w I t im  t im e c _ l e s t  t ’u tc t i ce
p um l 1 t e s t .  I l o s e v e r , t h e  p r a c t i ca l  e x p e - i - i e n e e  on ’ h a v e ’ g a t h c _ ’ r c ’ c _ h

t o l d  its t h a t  30 g r a b s is too h i  phi a lo t -ce  f o r  u l t n i l  v mmm i — c_h c _ ’ s t  r i l e
t I vi,’ pull te’ st - I : v c n  25  g r a m s  P u s h  d I d  p er imm u tnen i  t n l um m nmumg e I tt s i m u u m e

beams ( o v e n  t houg h the beam s did imot fail).

10 0—

% Bond
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Test
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